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Abstract
A well-developed road network allows all forest activities, including wood harvesting, fire-
fighting and recreational activities. However, forest road construction and maintenance in-
volve economic and environmental costs. For these reasons, forest road network planning is a 
fundamental phase of forest management, maximising the benefits and reducing costs and 
impacts. Thanks to modern technologies in data collection both for terrestrial and forest char-
acteristics, new methods and tools have been developed to improve and facilitate road planning. 
The aim of this study was the development of a Decision Support System for helping manag-
ers during forest road network planning, exploiting Multi-Criteria Analysis, an Analytic 
Hierarchy Process and Geographic Information Systems. Three steps characterised the study:
Þ  an in-depth survey of the existing forest road network
Þ  an accessibility evaluation, based on a commonly applied Italian definition, taking into 
account the morphological characteristics of the land
Þ  an estimation of the accessibility requirements through the analysis of experts’ opin-
ions, defined as Road Needs Index, based on different factors
These phases were applied to a forest property located in northern Italy, and some improve-
ments were proposed simulating a manager’s approach during planning. The results showed 
interesting features in accessibility evaluation, which identified three different classes of ac-
cessibility, represented in a map. The estimation of Road Needs Index assigned a class regard-
ing road requirements to each forest management unit: »low«, »medium«, »high« and »very 
high«. This information was merged, becoming a useful tool to identify the forest areas with 
the highest problems in relation to the forest road network.
Keywords: forest management, GIS, Analytic Hierarchy Process, accessibility, road needs, 
Decision Support System
roads allow access to remote areas in case of natural 














planning	 (Çalişkan	 2013,	 Hippoliti	 1997,	 Hippoliti	
1976).	A	forest	road	network	traditionally	ensures	ac-
cess	to	forests	and	grazing	lands,	allowing	forest	op-
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tween terrestrial data and information included in the 
forest	management	plan,	 a	 valuable	 road	network	
plan,	which	takes	into	account	the	most	important	as-
pects	of	road	management,	can	be	developed.	With	
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All of the collected information was organised in a 
specific	geo-referred	database.	The	total	length	and	


































Table 1 Road classification following Italian standards




Minimum 3.5 m 3.0 m 2.5 m
Prevalent 5–6 m 4–5 m 3–4 m
Slope
Optimum 3–8% 3–8% 3–8%
Max. average 10% 12% 14%
Max. for short stretches 14% 18% 20 (25)%
Max. counter slope* 10% 12% 14%
Minimum curvature radius in 
hairpin turns
10 m 7 m 5 m
* counter slope is defined as a grade that is opposite to the general running 
grade of a road, i.e. the slope of the road section/s that tractors or trucks have 
to cover loaded
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2.2.2 »Method A« travel time


















































= = =  (2)
Þ		starting	from	the	vector	file	of	the	forest	road	
network,	a	raster	file	representing	presence/ab-
sence of roads was created
Þ		the	Cost	Distance	tool	was	applied	to	define	the	






































Max. 2000 m Max. 200 m
»Not served« More than 60' More than 2000 m More than 200 m
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determined as the ratio between the maximum 
distance (dmax)	on	flat	terrain	(1000	m)	and	the	
horizontal distance (Df(p%))	corresponding	to	





















sence of roads was created
Þ		starting	from	the	road	raster	(presence/absence)	
and	the	cost-map	previously	created,	applying	
the distance limits as maximum cost (1000 m 
and	2000	m	for	»served«	and	»barely	served«	
areas,	respectively),	the	Cost	Distance	tool	was	
applied	 defining	 the	 »served«	 and	 »barely	
served«	areas

















100 m from the road and the second in a range of 
300	m.	The	first	 corresponds	 to	 the	 »served«	area,	
which	was	identified	with	the	operative	distance	gen-















real needs of roads for each forest management unit. 



















data was chosen as factors useful for determining the 
forest-road	needs.	Three	categories	were	identified	as	
more suitable than the others considering their reli-
ability	and	the	impact	on	this	study:	growing	stock	
(GS),	site	fertility	class	(FC)	and	productive	potential	












the	most	 fertile	 (class	»1«)	 to	 the	 least	 fertile	
(class	»9«),	assigned	to	each	forest	management	
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weighted sum between GSnorm,	FCnorm and PPInorm:
 GS norm FC norm PPI normRNI w GS w FC w PPI= ´ + ´ + ´  (7)
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3. Results

























ity	 class	 assigned	 (correspondence)	 and	 the	 others,	
where	the	model	assigned	different	classes.	The	results	
showed	 that	 correspondences	 of	 83.1%,	 87.2%	 and	
51.5%	were	calculated	for	methods	A,	B	and	C,	respec-
tively,	using	»Method	H«	as	the	reference.
3.3 Evaluation of forest road needs
The	 AHP	 results	 defined	 the	 values	 for	 the	
»weights«	to	be	used	in	the	RNI	calculation.	In	par-
Fig. 1 Paneveggio forest road network
Table 3 Surface distribution in accessibility classes identified by 
means of four analysed methods
»Served« »Barely served« »Not served«
»Surface« % ha % ha % ha
»Method H« 56.2 1574 20.0 562 23.8 667
»Method A« 54.7 1534 21.2 594 24.1 675
»Method B« 60.2 1689 21.4 599 18.4 515
»Method C« 26.8 750 34.2 960 39.0 1093
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Fig. 3 Results of »Method B« applied to Paneveggio forest
Fig. 2 Results of »Method A« applied to Paneveggio forest
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ticular,	 the	elaboration	of	experts’	answers	showed	
that	 the	most	 important	 factor	was	 the	GS,	with	 a	
weight	of	45%,	while	weights	of	30%	and	25%	were	
determined for FC and PPI,	respectively.	The	final	for-
mula	applied	to	each	forest	management	unit	in	cal-
culating the RNI	was:
norm norm norm0,45 0,30 0,25RNI GS FC PPI= ´ + ´ + ´  (8)



















Table 4 Forest area distribution based on RNI. For each RNI class, 


















ha 75.7 0.0 22.4 53.3
% 2.7 0.0 0.8 1.9
»Medium«
ha 765.2 185.0 238.3 341.9
% 27.3 6.6 8.5 12.2
»High«
ha 1202.5 857.7 274.7 70.1
% 42.9 30.6 9.8 2.5
»Very High«
ha 759.6 644.7 64.5 50.4
% 27.1 23.0 2.3 1.8
Fig. 4 Results of »Method C« applied to Paneveggio forest
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Fig. 5 Results of »Method H« applied to Paneveggio forest
Fig. 6. Distribution of forest management units in classes depending on RNI
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curvatures	and	slope;	only	6%	of	roads	could	allow	the	
transit	of	heavy	trucks.	This	information	should	sug-

















































mix of information aimed both to short and long-term 
Fig. 7 Proposals for two new forest roads
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agement	 priorities.	 In	 the	 case	 of	 special	 needs,	
specific	factors	could	be	introduced	into	the	RNI cal-
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